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( CAP) ggagacaagctagcttgc ttgttctttttgcagaagc tcagaataaac 

gctcaactttggcagatccgaattcatatgtcgacgcgaagcttGCSGCX:^^ 

AGTGGAATTCCACAACCTTCCACCAAACTCTGCaAGATCCC^^ 

CTGTATTTCCCTGCTGGTGGCTCCAGTTC3VGGAACAGTAAACGCTO 

TACTGCCTCrrCCCTTATCGTCAA.TCTTCTCGAGGATTGGGGACCCT 

j^irij^gsg^^J^^^QAQATCAGGATO^^ 

GGGTTTTTCTTGTTGACAAGAATCCrCACAATACC^ 

GTGGACrTCTCTCAATITTCTA<3GG<3GAACTACCGTGTGTC^ 

CXSCAGTCCCCAACCTCCaATCSlCTC^VCCAACCrrCI^ 

GGTTATCGCTGGATGTGTCTGCGGCGTTTTATCATCra 

GCTATGCCTCATCTTCTTGTTGGTTCTTCTGGACT 



TGCATGACTACTGCTGAAGGAACCTCTATGTATCCOTCCTXS 
ACCTTCGGACGGAAATTGCACCTGTATTCCCATCCCATCATCCTGGGC^^ 
GAAAATTCOTATGG(3AGTGGGCCTC31GCCCX31TTCTCCTGGCT 
GTGCCATTTCTTCAGTGGTTCGTACSGGCTTTCCCCC^ 

TATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACAGCATC TTGAG TCCCT 

TTTTACOSCTGTTACCAATTTTCrTTTGTCTTTGGGTATACATa^^ACCCT 

AACAAAACAAAGAGATGGGGTTACTCTCTT^AATTTTATGGGTTATG^ 

TGGATGTTATGGGTCCTTGCCACAAGAACACATCATACAAAAAATCAAAG 

AATGTTTTAGAAAACTTCCTATTAACAGGCCTATTGATTGGAAAGTATGT 

CAACGAATTGTGGGTCTTTTGGGTTTTGCTGCCCCT 

TTATCCTGCGTTGATGCCTTTGTAgatctggttaccactaaaccagcctcaag 
aacacccgaatggagtctctaagctacataataccaacttacacttacaaaat 
gtt:gtcccccaaaatgtagccattcgtatctgctcct:aataaaaagaaagtt:t 
cttcacattctaaaaaaaaaaaaaaaaaaaaaaaaaaaaaacccccccccccc 

ccccccccccccccccc^2£^ 



(57) Abstract: The present 
invention relates to the field 
of vaccination and immune 
stimulation by the use of nucleic 
acids, in particular RNA, coding 
for one or more antigens of 
pathogenic micro organisms. 
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Immunogenic pxeparations and vaccines on the basis of KNA 

10 

Hie present iivention rektes to the field of vaccination and immune stimulation by the use 
of nucleip adds, in particular KNA, coding for one or mote antigens of pathogenic micxo 
15 organisms. 

Nuckic acids are novel tools and of growing iiq)ortance for the prophylactic vaccmadon and 
for therapy of infectious diseases or malign^int dishes assockted cancer. 

20 Typically, \accines on the basis of DNA. are bacterial plasmids conmkiing genes for tumor 
ant^ens or pathogens, "which are transcribed after injection into the ho$t organism. In gen- 
eral, this transcr^)tion is realized by the use of strong promoters, in particular thmiigVi viral 
promoters (Uu, Ri et aL 1998). Tliis type of vaccination 

lim immunisation methods through the reduction of amount of Irving viruses ^nft the rists 
25 associated therewith (Mandl, Aberie et aL 1998) and also to the inununisadon with peptides 
having a lindsedefiicienc^duis to the genetic V (Deres,ScfaiIdetaI. 
1989). 

Since KNAis hi^ susceptible to hydrofysis byubiquitous ribonucleases, prevbus approaches 
30 of vacdnatbn on the basis of nudek: adds concentrated to the use of DNA. *Ihe use of BNAl 
offers in ac^r case advantage in con^arxson to the use of DNA, in particular in the field of 
safeiyness. The use of KNA in mo does not require promoters derived from viruses, and it 
does not represent a risk of integration into the ^ome. On the contrary, the use of DNA 
may cause an integratbn into the genome, which may occur by chance or also as a conse- 
35 quence of homologous recombination. In tum, this may lead to the inacdvation of cellular 
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genes biit also to a deregulation on the level of their c35>iession. In the ^rst case, this inte- 
gration can be the offspring of a tumor. A further source of risk in the yaccination using 
DNA. is the induction of anti-DNA. antibodies ^rfiich may act as potential pathogens, in 
particular in the case of autoimmune diseases, e^. in Lupos eiythematcxles. The 
5 administtation of KNA, in particular messenger RNA. (mtBN/^, for immun&atbn therefore a 
pnori represents a much more safer approach in con^)arison to DNA (Loj Benjamin et aL 
1994). 

Prefinunary results using p-galactosKlase as a model ant^en for the purpose of cxamtnins the 
value of KNAin antirtumor vacdnarion have sho^ that the injectbn of KNA causes a spe- 
10 aSc imrmine response (Hberr, Obst et aL 2000). 

By e^riments carried out "wkh KNA molecules codii^ for antigens useable in die fields of 
vaccination and therapy, the irxvemors have now found that the injection of ENA. molecules 
can effectively lead to an immnne response specific for said ant^ens. Therefore, diese results, 
15 which are presented in the experimental psax below, offer a way for novel perspectives for a 
vaccination which is safe and which shows an efficiency beit^ iadependent of the genetic 
material 

According to the first aspect, the present invention relates to an immunogenic preparation 
20 containing mature messen^r KNCA coding for at least one ant^n of a pathogenic agent. 

Preferably, the mature niRNA is non-replicative. 

Ihe term "mature rriRNA." is understood to comprise any KNAmoIectde containing a codit^ 
25 sequence, which is capped and has a polyA tail Ihe coding sequence can code for both an 
ant^en c ont ai ning a protein or a naturally occurring peptide, and a molecule containing at 
least one non-naturalfy- occurring antigen such as a polj^pxtope consisting of a sequence of 
peptides which are natiirafy distributed over one or more proteins. 

30 Accordii^ to the present invention, the ribonucleotides vibich form the mature rnRNA nuy 
be natural or modified ribonucleotKles, in pardnilar in order to introduce an increased resis- 
tance against BNases. Different exan^Ies of modifica&>ns are oudioed as follows. As an es- 
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ancple of a libonucleotide analogue Yfbkix maybe used for the synthesis of the BNA laohr 
cules contained -widiin the preparation according to the present invention, the Sp diar 
steiiomers of the ]jbonucIeosid-5-0-(l-thioti:^hospha^^ iraybe naendbned (Tohda, Chikar 
zuniietaLl994). 

5 

In case the mature naBNAis a so-called naturally occurdr^ molecule, it is present in isolated 
or puxxfied fonnTtdien compared to its natural cellular context or to the organism producing, 
said noKNA. In die case of a mature xriBNA, a natural molecule is understood to be structur- 
ally Kientical in comparison to a sequence produced in a cell or an organism, in particular in a 
10 patho^nic oiganismu As envisa^d above and in the follo^ving exan^les, the mature mRNA 
according to die present inventbn can also have a modified sequence y^ben, compared iKmh a 
sequence ^which is naturally produced in a cell It can also be a recombinant sequence. 

Therefore, the sequence and in particular the funcdonal domains (mainly the coding regions, 
15 the cap andthe po^^taiQ nny be derived from different sectioris of die mature no^^ 

particular, hoover, tbey can also be derived from different DMA sequences and/or from 
different organisms. In this context they are characterised as "heterologous". 

The mature naRlSIAs in the preparation according to the present invention may be obtained 
20 by m mo transcription or m vtro transcription of a DNA molecule, e^. as it is described in the 
protocol of the experimental part below. 

HoTTever, they can also be produced by any odier suitable method. 

25 . According to the present invention, the egression "padiogenic agent" des^nates pathogenic 
micro oiganisnis or any part dxereof such as dieir toxins from \diicli it are knomi or v^iich 
are said to be implicated in the devebpinent of diseases in humans and animals, including 
viruses as weU as retroviruses, e.g* HIV retrovirus, or the virus causir^ Hepatitis A, B or Q 
the Ebola virus, the Westnile virus, bacteria and parasites, sudi as plasmodium, as T^ell as 

30 unconventbnal stents such as prions. 
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In a prefened embodiment, the mature mKNA cotisists of a coding sequence >n4iich is 
capped and Tdiich has apoIjrAtaiL 

In pardcukr, tbe piesent invention relates to an immunogenic piepaiadon T^iich compdses 
5 the above-mentioned UNA in a fomi'v^diidi is compatible 'with a host, in paitknilar a patient 
in \7hich a pxotecdon or pxotective response against a pathogenic agent has been observed 
^wherein said protection or protective response, lespetivelyi may include, c^. a pieventbn in 
form of a vaccmai^>n or a prophj^lactk: or cuiatxve txeatment after a contardbation -with the 
pathogenic a^nt. This contamination allo^ to define the KNA. i^diich is to be used in ^e 
10 immuno^nic pxepatatbn. 

The e3ipiession ''protective response against a pathogenk agent" means the protectbn against 
a padiogen as ^wellas hs diiect or indirect effects in the host being mfected^widi the agent. 

IS Here, the term "prophyksb" means apxeventive vacdna^n'vdub the temis "treatment" and 
"impTOivement" relate to an interventbn after an infdcdoiu "Treatment" means that the ad- 
ministxadon of a pxepaiatbn of the present invention causes the clearance of the infectk>us 
^ents in the patient and his or her cure. In the other case, MTben the stimdatbn of the ina- 
mune response by an immunogenic preparation according to the present invention does not 

20 aEoTv the coxxplete cure of the patient^ there is jxist an in^rovement of his or her clinical 
state. 

Typicalljr, an immunogenic preparation according to the present invention contains at least 
one of the following constituents: A nucleic acid coding for an antigen of choice and interest, 
25 a solvent, e.g. an aqueous solvent, or any solvient ^^^ch allows to mi^int^m the integrity of the 
nucleic acid, an adjuvant such as, e.g^ aluminium hydroxide, Freund*s adjuvant, o%onucleo- 
tides having a Q)G motif or any other adjxi\^nt known to a person skilled in the art and, fi- 
nally, any stabilising ^ent Isnown to a sldUed person, such as, e.g. protamine* 

30 Ihe immun o genic preparation according to the present inventbn is preferably a preparation 
formulated for constituting a therapeutic preparatbxu Ihis ea^ression corxprises a treatment 
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or the prevention of a disease following immediately after an infection by the pathogenic 
s^ent* 

According to a preferred embodiment of the immunogenic preparation of the present inven- 
5 tion, the sequence of the naRNA additionally contains sequences being capable of increasing 
the half-life of the RNA in the cytosoL 

"Stabilising sequences" may be derived from any RNA wtdch is known to have a certain sta- 
bility. They can also be of partial or of complete synthetic nature. As an example of stabilising 

10 sequences which are of xise in the present invention there may be cited the transcribed but 
not translated sequences (UTR) of the P-globin gene (human or other), or the consensus se- 
quence of the general formula (C/U) CCANxCCC (U/A) PyxUC (C/U) CC which is con- 
tained in the 3' UTR of the highly stable RNA coding for a-globin, aOQ-collagen, 15- 
lipoxygenase or for tyrosine hydroxylase QHolcik & Liebhaber 1997). N represents any nu- 

1 5 cleotide, Py represents a pyrimidine (T, U or Q and x means that a nucleotide is repeated one 
or more times (Nx means that a random nucleotide N occurs x times) (Hblcik & Liebhaber 
199^. Accordir^ to the present invention, a combination of these sequences or their associa- 
tion with other sequences is also enviss^d. 

20 Hie above-defined immunogenic preparation containing at least one stabilisii^ sequence 
^ch is selected from transcribed but not translated sequences (UTR) of the gene coding for 
p-globin and the consensus sequence (C/U) CCANxCCC (U/A) PyxUC (C/U) CC con- 
tained in the 3* UTR of the RNA coding for a-globin, a-(I)-collagen, 15-liboxygenase and 
tyrosine hydroxjdase, is also subject matter of the present application. 

25 

In a further preferred embodiment of the immunogenic preparation according to the present 
invention, the mRNA comprises a polyA tail of more than 30 adenine residues in the 3* posi- 
tion of its 3' terminus. Preferably, the mRNA does not contain any cytosine residues down- 
stream (Le. in 3* direction) of said 30 adenine residues. 

30 

The above-defined immunogenic preparations wherein the mRNA is synthesized in the pres- 
ence of modified ribonucleosides in order to improve the resistance with respect to RNases 
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are integral part of the present invention. In a preferred embodiment of said preparations, the 
mKNA comprises phosphorothioates. 

In contrast to the above-mentioned stabilising sequences, several genes contain sequences 
5 wtach in general destabilise RNA. For example, this is the case for AU-rich sequences winch 
are called ATJRES and which, are found in the 3' UTR sections of numerous instable mKNAs 
(Caput, Beuder et aL 1986). Therefore, in order to be preferred with respect to their effec- 
tiveness, the sequences used for the production of the KNA molecules present in the prepara- 
tions accordir^ to the invention should be altered such that they do not contain any of said 
10 destabilising sequences. The same holds for those sites which could be recognised by poten- 
tial endonucleases, such as the sequence GAACAAG which is contained in the 3* UTR region 
of the gene coding for the transferin receptor (Binder, Horowitz et al. 1994). These sites can 
be eliminated from the KNA as it is used in the present invention. 

15 An immunogenic preparation as defined above herein the noKNA is essentially free from 
destabilising sequences of the AURES type also falls under the scope of the present inven- 
tion. Such a preferred mKNA is also free from sequences of the GAACAAG type recognised 
by endonucleases. 

20 Furthermore, it is possible to improve the inrdation and ebngation of the translation of the 
KNA as it is present in the preparation of the invention, for exan^le by mutating codons 
corresponding to rare tRNAs in that they are substituted by such codons corresponding to 
abundant tKNAs in mammals. This is also possible by addir^ sequences such as, e.g., the 5' 
UTR sequence of the gene codit^ for HSP 60, which increases the translation of the KNA 

25 (Vivinus, Baulande et aL, 2001). Hie object of these modifications is to provide an increased 
yield of interesting proteins ^wiiich would increase the effectiveness of the immunisation. 

Consequently, the present invention also extends to an immunogenic preparation as defined 
above, herein the mRNA additionally contains a sequence which serves to increase the 
30 translation rate. 
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Fiather subject matter of the present invention is an imnxunogenic preparation as ckfined 
above, which additionally contains at least one RNA. stabilising factor, in particular an KNase 
inhibitor. Such an inhibitor can be, e.g. selected from naturally occurrii^ KNase inhibitors, 
e.g. Rnasin® (Promega) which is an ubiquitous protein of 460 amino acid residues and which 
5 is available in an injectable foim for animals (Aiiimal Injectable grade Recombinant Rnasin® 
(Promega)). 

It IS fxirther possible to protect the RNA of the immunogenic preparations of the invention in 
that it is complexed with cationic compounds, preferably potycationic con^unds, for examr 
1 0 pie with a cationic or polycationic peptide or protein. 

According to a preferred embodiment of the immunogenic preparations, as described in the 
preceeding paragraph, the RNA-complexing peptide or protein is a protanaine, a poly-L- 
lysine, a poly-L-aginine or a histone. 

15 

Furthermore, it is possible to increase the immunogenicity of the preparations of the inven- 
tion by adding one or more adjuvants. 

The term "adjuvant" denotes any chemical or biological con5)ound favouring a specific im- 
20 mune response. This immune response is directed to onye or more antigens encoded by the 
RNA molecules of the preparations of the invention. Depending on the different types of 
adjuvants various mechanisms can be envisaged. For e^sunple, confounds favouring an en- 
docytosis of the RNA by dendritic cells (DQ form a first class of potential adjuvants. Other 
compounds which allow the maturation of DQ e.g. lipopotysaccharides, TNF-a or the CD 
25 40 ligand, form a further class of potential adjuvants. In general, any immunomodulatii^ 
agent of the type of "danger signals" (LPS, GP96, oligonucleotides having a CpG motif) or 
cytokines such as GM-CFS, which allow to increase and/ or to influence an immune response 
against an ant^en which is encoded by the injected RNA in a directional manner, can be 
envis^ed as a potential adjuvant. 

30 
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In paxdcukr, an above-defined mununogenic preparation -v^ch contains at least one immune 
system modulating ^ent selected from fipopolj/saccfaatides 0J?S), g^^pxotein 96, ofigomsr 
deotides liaving a CpG motif aixl cytokines, is part of the present invendoiu 

5 Furtho: subject matter of the present invention is to formulate immunogenic and/or vacci- 
nating preparadons havirg an exactlyr defined composidon in order to avoid any risk of side 
effects due to an insufGdentty identified conoponent. In particular, this is very in^rtant in 
order to avoid pronounced aUergjc reactk>ns after die injection of the vaccine, v^bSdi some 
times occur due to traces of con^nents ^duch viiere used in the cukure medium during the 

10 production of the vacdne. 

Accordrog to the present invention it is possible to provide immunogenic preparations conr 
taining a highly purified mature niE(NA. and one or more also puri&d adjuvarxts. H^ihty puri- 
fied iiiRNAdeiiotes an BNA.^^dikh is treated su(^ and DNA fragments 

15 are completely eliminated Hiis can be adiieved by carrying out several extraction steps vMi 
phenol/chloroform and several precq>itatbiis widi sodium acetate and etlianol and yindi li- 
thium chloride. Ebwever, it is also possible to achieve the elimination of the above- 
mentioned components in only a single step in that physical procedures ate specifeally ap- 
plied: Gohmms capable of specificalty binding nucleic acids and their separadon tmder de° 

20 fined ionic or pH condSdons, or columns of the HPLC type for ion exchange, affinity bind- 
ir^ size exclusion, hydrophobicity, ^rfiicli allow to separate the BNA. from other inolecules 
being necessary for the production of the KNA. 

Tlius, the invention also conpiises an immunogenic preparation which, as described above, 
25 contains an mRNA. which is highly purified before an adjirvant or several adjuvants is/ are 
added 

According to a preferred embodiment of the immunogenic preparations of the invention 
their coisposition IS formulated for a cutaneous oriiitradenxialadrniriistratioiL 

30 

Ihe preparations of this invenrion are not limited with respect to the nature and number of 
the ardg^ of the pathogenic agents viiich are ericodedbythe KNAiDobciiIes. Accon£ng to 
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tie present invention, the term "'antigen" con^rises any xnokcule containing at least one epi- 
topge. Fiefexabiy, an ant^en according to the present invention is a niolecule capable of trig- 
gering an immune response, in particiikr the formation of antibodies. A preparation accord- 
ing to the present invention may contain ontya single type of mRNA having an exactly de- 
5 fined sequence, but it may also contain several different KNAs having different sequences. In 
the extreme, a preparation of the invention may con^rise a vihoh pool of BNA molecules 
obtained from a BNA or DNA. library, for exan^le from a library obtained from a cell cut 
ture of cells irif ected ^wkfa a pathogeriic ageriL 

inRNA havit^ several or multiple different sequences, the coding sequences of these KNAs 
10 rmy be derived from several different anrigpns independent of vdiether they are derived from - 
the same pathogen or not^ as wdl as, on one hand, fnom one or more antigens and, on the 
odier hand, immufie system modulating a^m; such as ejg. cytolmies. 

Iherefore, the present inventbn also relates to an immunogenic preparation as defined 
15 above, ^(^rein die RNA represents a library of niECNAs. 

Addidonalfyi the preparations accordii^ to the present iovendon may preferably contain mut 
ticktronic KNA con^rising IRES sequences (lEES » Intemal Ribosome Entry Site) ^^^lidi 
allow, on die basis of the RNA molecule, the production of muldple immunogenic proteins 
20 of interest and, in addition, of one or more immunologically active molecules, of cytoltines 
^which stimulate or polarise (tbl or 1112) the immune response. 

The iminunogeiifc preparations as described above -vdierein at le^ 

RNA molecules comprises an intemal ribosome entry site 0KES), thus form a further aspect; 
25 of the invention. 

In a preferred embodiment of the prepara^ns according to the present invention comprising 
an KNA pool and/or v^rein at least a part or a section of the KNA molecules comprises an 
IKES, at least a part or a sectbn of the RNA molecules codes for cytdkmcs vibSck can stimu- 
30 kte or polarise die immune response. 
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A sequence of the KNA contained m the preparations of tlie present invention, T^^iich codes 
for at least one ant^en of a pathogenic agent, may encode a polyepitope as "well as a viral or 
bacteria], fuU-length or truncated proteiru 

5 One of the possible applications of the preparations according to the present invention is the 
generation of imnKmogenk and imtnune responses against Hepatitis B. In fact^ 5% to 15% of 
aduks do not respond to any of the preseiitlyusedrecorobinant vacciries. Ihis faihire of imr 
mune response 'which is attributed to the HLAiype could be overcome by vaccination on the 
basis of RNA. Additionafly; an imrrmrift therapy by vaccinarion with RMA nf the 350 mlllirm 
10 chronic carriers of HBV could be envisaged. Ihe present inventors have sho^m that the sur- 
face antigen of the virus responsible for Hepatitis B (HBsi^ is a good candidate in order to 
trigger a response against this virus ^irat^ Lemormier et aL 2000) . 

Therefore, an immunogenic preparataon according to die present invention ^wherein at least a 
15 part era section of the KNAmolecuIes codes fora surface protein of the Hepatkis B virus is 
a preferred erxibodrcnent of the present itxventionL In this embodinoenc of the invention at 
least a part or section of the KNAmolecuIes may code for the small, m^d^im^ andlar^ orve- 
lope proteins of die Hspatids B vims. 

20 In a preferred enabodicbent of the immunogenic preparations described in the preceeding 
pars^ph, at least a part or a sectbn of the KNA molecules coirprise the sequence pg-HBs- 
pgptn as sho^ in Fig. 1. 

Another target for the immunogenic preparations accordii^ to the present invention is the 

25 hurnane inmnme deficiency virus (HrV)^ 

tion, at least a part or a section of the KNA molecules code for at least one ant^en of HIV 
and, in a preferred mode of the invention, for a potyepitope of HtV. In particular, in this ent 
bodiment of the present invention at least a part a section of the KNAmolecuIes may com- 
prise the sequence Pg-HIV-HBS*Pgan shovm in Fig. 2. In this example, the polyepicope 

30 connected to HBS comprises 13 HLA-A2 q>itopes derived from different proteins of MV-l. 
It can also be envisaged that a number of more important epitopes are connected to HBS, 
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^wliich axe xeprcsented by MHC class I proteins and y^bick axe derived fcom numerous pro- 
teins of the HIY yiicus. 

The Hepatitis C virus is a furdier pathogen j^^inst ^whkh it is desirable to develop a vaccine 
5 or at least an s^ent capable of stimulating an immune response in a host. In this reg^ the 

use of KNA encodir^ die OOKE protein of die Hepatitis C virus (JtiO/) appears to be of 

interest. In faci^ the CXDRE protein is the most conserved of the genotypes of die HCV. Ad-. 

didonalljr, patients mfected byHGS show a cellukr response against die CX>EE protein and it 

is associated with a favourable response to a dierapywith interferoxis. The use of BNA en- 
1 0 coding non-structural and structural proteins of the virus cotdd psovc to be effident^ such as 

in the embodiment ^wherein a part or a secdon of die KNA codes fortfae CX>BE protein on 

one hand and for odier proteins on die odier hand. 

la another preferred embodiment of die immunogenic preparations according to die present 
IS invention dius codes a part or section of die KNA molecules for ilie CXDKB protein of the 
Hepadds Cvirus. 

Hie present invendonalso relates to the use of an imrnuriogeriic preparation as defined above 
for the preparation of a pharmacexatical con^sidon for the prophylazis, treatment or im- 
20 provement of an infecdon widi a pathogenic ^err^ in particular HTV, Hepatkis B virus. 
Hepatitis C virus, Roxis-Sarcoma virus, the parasites responsible for Malaria or the bacteria 
causing pneumonia and opdonalty- associated with the acceleration or onset of a disease asso- 
ciated with an increased liability to cardio-vascular disorders at it is the case, e.g. -widi Chiang 

25 

Another particular in^rtant aspect of the present invention is a vaccine characterised in that 
it con^rises any of the above*defined con^netrts contained in the immunogenic prepara- 
tions as described in the v^hole preceeding text, and which allows to generate a protection 
against a patho^riic s^eiit in a host ^lurnan or axiima]^ 

30 

In particular, a vacdne according to the present inventbn is characterised in that the protec- 
tion is obtained by an actxvadon of cytotoxic CSi* T fyn^hocytses and/or CD4-specific T 
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helper cells by at least a part or a section of tbe ENA. molecules of the administered prepara- 
tiott and/or by activation of B fymphocytes as antibodjr producers. The anti-HBs antibodies 
form the basis of a prophylaxes s^ainst an infection wih HBV. The T cell response Qielper 
and cytotoxic T cells) is required in order to control an established iof ectioru 

The folbvdng nonrlimidng Exaniples and F^ures further illustrate the present inventbn and 
demonstrate certain advantages and features thereof. 



Figure legends 

10 

Fig. 1: Sequence of injected pg-HBS-pgotn KNA 
(□tactles are denoted by the letter!) 

Ihe sequence in ca^ntal letters codes for the HBS (S2^) antigen 
The start and termination codons for translation are sho^^ in boxes. 
15 The transcribed but not translated regions (5' and 3' UTR of p-globin) are show in 

bold 

Ihe sequences in small letters and normal font have no speckl s^nificance for the 
vaccination ^wxth KNA and are derived from plasnuds. 
Tbe ppty^-A-pofy-C tail is shown in italic. 
20 Ihe region of the restnction site used for linearisation of die pksmid before transcrip- 

tion is underlined* 



Fig. 2 iSequence of injected pg-MV-HBS-pgonKNA 
(LKiacile is denoted bythe letter 1) 
25 ' Ihe sequence in capital letters codes for the polyepoope HLA-A'^201 HTV-EDBS 

(capital letters in bold correspond to ihe HIV regpn of the polyepkope HLA- 
A'«0201). 

Ihe start and terounation codons for translation are shown in boxes. 
Ihe transcribed but not translated regbns (5* and 3' UlUof p-globin) are printed in 
30 small letters and in bold 

Sequences in small letters and normal font have no special significance for the vacci- 
nation \Atki RNAand are derived from pksmids. 
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Hie poty=-A-pofy-Ctail is shown in italic. 

Hie legion of the xestncdon site used for the lineatisadon of the plasmid before ttan- 
scdption is undexlined. 



5 F^. 3: ExpexixDSDl for the lesdmukdon of CIL m^itro 



BalB/c mice "were sacnficed 8 weelss after injectbn of 20 fcg of KNA or DNA. in both 
ears, or of 50 fig BNA. into the two lear paws after treatment ^pvkh cazdbtosdb^ Ihe 
spleenocytes ^wece xestimukted m'dtm'vnstk an HBS H-2d epitope and tested in a cyto- 
10 ixxsadty experiment agabst tninsfected targets e^ressing the surface ^antigen HBs 

^815/S) and P815 cells as a negadve control 

Hie speci& ototoxic activity^vas determined by measuring the short-time release of 
^^O. After incubation for 4 h at 37^ the supematants were collected and counted 

15 wiAi a p-counter. For each curve» the vertical axis represents the percentage of lysed 

target cells (or percentage of <g^toxicitj^ with respect to a control tysis of 0% and a 
control lysis of 100%. The percentage of cytotoxicitjr - 100 x (cpm[torget cells + 
CTL] - cpn^target cells alonej / (cpm[target cells alone + detergent}-q)in[target cells 
alone]0, and the horizontal axis indicates the rado of effector/target cells. Each curve 

20 corresponds to the spleenpcTtes of a single animal 



Fig. 4: IFN^y (Ffe 4 and 11^4 (F%. 4 B) EUSPOIS 

ELISPOT tests -were carried out with spleenocytes obtained as in the e^riment as 
25 - described in F^ 3 (spleenocytes obtained at the same time point as described in the 

experiment accordir^ to Fig. 3 but without resdmulationof Tcdls tnzitrc^. 



30 



The ordinate represents the number of lEN^y ^ig. 4 ^ andIL-4 (F%. 4B), respec- 
tively; produdi^ cells, per 10^ cells. 
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On the abscissa ate represented the different immunisation conditions of the mice, 
and the ant^en used for the stimulation is indicated by^the filling of the correspond- 
ing column. 

5 Fig. 5: Specific EUSAfor examining the humoral anti-Hepat^ B response 

Two months after the injection of DNA or KNA the blood of the mice ^was collected 
by retrobulbar punctation utilising hepatinised glass pipettes and the sera recovered hy 
centnft^adon 'were tested for the presence of and-HBs and antbpreS2 andbodies bya 
10 spedfic ELBA. Punfied reconobinant particles contaidng the small protein S of HBV 

(1 liQ^ni^ or the synthetk: peptide preS2 (120-145) (1 ixg/txS^ ^re used as the soM 
phase. After blodii^ \?idi PBST supplemented 'with 10% fetal calf serum sexial dilur 
tbnsof senmi iBQ^re added After extensive vvashii^ 

^widi andt-mouse immunoglobulins (total IgG) coiqi^atsed wtdi horsezacfish perosidase 
15 (Amersham, UQ. Antibody titen inhere determined bythe mediod of lim&ed dilu^nu 

The seta of the mice ivere tested indivKlua% and the titers are expressed as mean val- 
ues of at least three determinatbns. Dikdons bebw 1/100 idiere considered nega- 
th^. Anti-HBs titen are expressed as geonaettic group averse +/- standard devkdon 
(GMT +/- SE^ of values of individual axiimals-vf^iKji in turn of 
20 duplicate or ti:^lkate expenments. 

Fig. 6: EllSPCyiS vridifteshspleenocytes 

HHD mice were injected with 20 /eg DNA, KNA or RNA in combination widi pro- 
25 tamineineachear^ntraear,LeO,orwidi50/£gKr^ 

with caidiotoxin ^jn). Three weeks thereaftier, spleenocytes were restimukted in liim 
with peptides corresponding to the invidual epitopes and the imrrq?r»e response was 
determined bymeasuting the released IFN-y usit^ EUSPCXT. 



30 



Ihe £jgure shows the aver^ mudber of spots obtained for each pep&b with 5 mice. 
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This experiment was carried out by iramunizii^ the mice with a sequence shown in 
Fig. 2. 

The DNA or RNA constructs injected into the mice and serving for immunisation 
5 code for the HV-l epitopes A9M-Y/I9V-Y/K9L8S-Y/T?V-Y/V9L-Y/P10 

V11V-Y/P9L.S9L.Y/E9V-L10V-L9V-Y/K9L.HBS protein. 

Examples 

10 Use of mKNA for obtaining cellular and humoral responses against antigens of vital 
origin 

1- Structure of RNA suitable for vaccination 

15 The RNAs used in the following examples contain transcribed but not translated 5' and 3' 
sequences (5* or 3* UIK) of the RNA coding for p-globin of Xencfms. These sequences 
probably form secondary stmctures which are recognized by cytosolic proteins. They allow an 
increase of the half-life of the RNA in the cytosoL 

20 Kbwever, it is also possible that the RNA effective for vaccination does not contain said sta- 
bilising sequences. 

Additionally, the stabilising sequences of p-globin maybe substituted by stabilising sequences 
derived from another RNA having a long half-life in the cytosol. For example, the consensus 
25 sequence (C/U) CCANxCC (U/A) PyxUC (C/U) CC contained in the 3' UTR of the highly 
stable RNAs coding for a-globin, a^-collagene, 15-lipoxygenase and tyrosine hydroxylase 
(Holcik & Liebhaber 1997) may substitute or be added to the 3* UTR sequence of p-globin 
used in the RNAs described below. 

30 Furthermore, the 3* polyA tail which inq)roves the stability and the translation of the RNA 
may be elongated and may be free of cytosine residues. RNAs having more than ICQ A resi- 
dues in 3' position and no C residue downstream are preferably used Furthermore, the in- 
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crease of the overall number of C or G residues contained in the RNA. in general (without 
leading to modiBcations in the amino acid sequence of the proteins eiKoded by the KNA) is 
also a method for the stabilisation of niRNAs and is also envisaged for jmprovii3g the effi- 
ciency of the immunisation with ENA. A further measvire to stabilise the RNA. against 
5 KNases is to synthesise the KNA in the presence of modified ribonucleotides such as Sp dia- 
steriamers of 5-<>(l-thfotri5phosphate)ribonucleosides. The RNA containing phos- 
pfaoipthioates shows an improved resistance s^ainst the degradation by KNases compared to 
natural KNA, and shows an in5>roved transladon into proteins (Tohda, Chikazumi et aL 
1994), Iheir use for the formulation of a vaccine is therefore env&s^d 

10 

As mentioned before, it is abo possible to pHimSn^ certain sequences which are known to 
destabilise the KNA 

Finalfy-, it is also envisaged to use muhicistronic KNA corxtaining IKES ^n t em;i1 ribosome 
15 entrysite) sequences wiiich, on the basis of an KNA molecu^ 

tiple immunogjenic proteins of interest or, in add-on, of one or more immunogenic mole- 
culeSy of cytoldns capable of sdmularing orpokrisfflg (Ihl or IhZ) the itnnri^ine response. 

2- Adjuvants andaddidves 

20 

The inventon have ol^erved that a very careful prec^itatbn of the KNA used forthe immu- 
nisadon of mice Qn addition to precipitation steps widi lidiium chk>ride) could lead to a de- 
creased eftkienc^of the ininiuriisadon. 

25 For this reason, the co-injectiori of the vaccine RNA together with immune system modula- 
ting agants such as the "danger s^nals" (e.g. LPS, GP96, o%onucleotides having CjpG mo- 
tives) or cytoldbes (e.g. GM-QFS) are therefore also envisaged for permittiag an increase 
and«^ or control of die immune response against the ant^en encoded by the injected KNA. 

30 The use of cadonic con^unds (proteins and others) such as protamine for condensating and 
protecting the KNA against the degradation byKNases is potentaHjr advantageous, however, 
according to the results shown herein bebwy not requu^ 
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3 » Andgetis suitable for vaccination .\(itfaRNA 

Hie experiments described hexein below Okistrate two possible modes for canyiiig out the 
5 invenrion widiiespeccto the nucleotide sequence intioduced into the constnicts and codii^ 
for an ant^en* Ihese two modes ate on one hand a sequence codii^ for a polyej^pe Qn the 
present case an HIV polycphope) and on the other hand die sequence coding for a -^ole 
protein ^iete» an envelop protein of HB^ . 

10 lliepotentKdtaiigetsof thevacdnarionbyKN^ 

samples for antigens ^Mch ate su&able for this tjpe of vacdnadbn there canbe mentioned 
the ant^ens of Hepatttis H^titis B and Heparids C viruses, HEV rettovitus, CMtn^xSa 
pneumniae, Kous-Sarconia vinis or the parasites responsible for Ma£aik Q^ak^mfonsp). 

15 For lliedevebpmerit of an BI^ vaccine against^ C virus, the use of an BNA. ap- 
pears to be interesting^ ^which codes for the (X>KB protein of HCV. In fact, the OOKE pro- 
tein of this virus is tiie most conserved of die genotypes of HCV. Addttfonally, patients ior 
fectedvTidiHCV shovtr a celblar response against tiie I»otein and it & associated ^widi 

a favouiable response to a ihetapjrvddi interferons. However, die use of KNA coding for 

20 nonrstructural or structural proteins could also prove to be effecthre. 

4 - Production of KNA 

Hie sequence of the pg-HBS-Pgqn RNA. is sho^ in Fig. 1. 

25 

Ihe sequence of the pg- HrV-HBS-PgpcnBNA.is sho^ in F%. 2. 

Ihe sequences printed in bold small letters are the 5* and 3* sequences v?hich are transcribed 
but not tcanskted (5* or 3* UHQ of die KNA. coding for Xe^jg^ p-^bin. 

30 

Ihe sequences coding for die molecules HBS S2.S and H[V-pol)^pitope-HBS, xespecdveljr, 
v^^ere derived from the plasmid pCMV HB-S25-dl as described by Mde-Luise MECEIEL 
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(Michel, Davis et al. 1995) and from the plasmid pCMV-BlO described by Husseyin FIRAT 
(Fiiat, Gaicia-Pons et aL 1999), respectively; Bodi fragments contain a Hin dlll site upstream 
of the gene and an Nsi I site (rendered free enzjmaticall)^ downstream* They were ligated 
into a plasraid allowing the piodtiction of RNA (this plasmid contained a promoter recog- 

5 nized by SP6 RNA polymerase as well as 5' and 3" non-translated sequences of the RNA en- 
coding p-globin of Xencpm^ separated by a multiple cloning site), which itself is digested by 
the en2ymes Hind III and B^II (rendered free enzymaticall)^. The resulting plasmid constma 
is linearised with Pst I, subsequendy freed from any proteins by extractions with phe- 
nol/chloroform and by ethanol and ammonium acetate precipitations, and subsequendy sus- 

10 pended in RNase-free water. This DNA was transcribed using the SP6 mMESSAGEm- 
MACHINE® kit from Ambion. This kit is serves to produce RNA molecxiles, the majority of 
which (80%) contain a CAP stmcture {m-jG (5 ' ) ppp (5 ' ) G) in die 5* position. After 
DNAse treatment of the transcription reaction the RNA is precipitated with lithium chloride, 
resuspended in water and quantified by measuring the optical density at 260 nm. Subse- 

15 quently, the preparation is purified from traces of protein by extraction with lithiimi chloride 
and then by precipitation with ethanol and ammonium acetate, before it is resuspended in 
RNase-frce water at 10 |ig/mL After incubation overnight by 4^Q the RNA is diluted usii^ 
RNase-free Hepes buffer (150 mMNaC3; 10 mMHepes pH7.5) to 1 fx%/fiL 

20 5 - Hbs^ expression vectors, HBs RNA and immunisation 

The pCMV-S2.S plasmid contains a segment of the region of the genome of HBV codii^ for 
the envelope. In this plasmid (Michel, Davis et aL 1995), the preS2 and S regions are placed 
under the transcriptional control of die immediate-early promoter of the human cytomega- 
25 lovirus (CMV-Le.) allowing the escpression of the small and medium envebpe proteins of 
HBV, both of wbkh contain the surface antigen HBs (HBsi^. 

The plasmid DNA used for the immunisation ^ mo was prepared \jsing DNA purification 
columns from Qiagen (Endofree Plasmid Kit, Qiagen, Hlden, Germanj^. 

30 

For immunisation based on DNA the expression vector for HBsAg, pCMV-S2.S, was directly 
injected into the muscle of the anterior tibia for boost injections as described previously, or 
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dkecdjT into the ear pinna. 50 lA DNA. at 1 mg/ml were injected into each tibia for a total 
quantity of 100 ftg DNA. per mouse. 20 id DNAi at 1 mg/ml were injected into both ears for 
a total quantiiy of 40 /ig DNA. per mouse. 

5 Oonrer"<"g immtmig atirm nn the basis of KNA, SNA coding for HBsAg -was obtained by 
\i$tng a yecu>r containing a ft^s^ment sub-doned from a plasmid pCMV-S2.S, and the SP6 
poljmoecase. Ihe BNA. *V7as produced f ollowig the method descnbed in the pstent applica^ 
tbn £P 1 083 232. In some espeziments the SNA. wsis stabilised using pxotanune at a xado of 
1/1 g.20filBNA.ataconcent]:adonof 1 n:ig/n]l \yeie injected behind each ear of BALB/c 

10 naice for a total amount of 40 f^KNA per mouse. 

For immunisation^ ffoaps of 4 to 6 feemale BALB/c mice of 6 to 8 *weeks of s^e were used. 

6 - Inductbn of CTL 

15 

Ihe spleens where taken 52 days after immunisation and the spleenocytes were counted and 
anal^ed in ozder to detemune the relativ^e pn>portion of T and B cells. The percentage of 
CDS* and CD4* cells was d^rmined by a FACS analysis of foesh spleenocytes using a direct 
stain with antirmouse CDS* HTC andCD4*PE antibodies ^hammngen, San Diego, CA). 

20 

7 Analysis of lymphocyte populations in the spleen a£ter \accinatioii 



Ihe latb of CDS* T cells and CD4* T cells in the groups was conq>aiable. Ifowever, the 
injection into the ear appears to lead to a higher nunaber of B cells (see the folbwing Table 1). 

25 
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Table h AnsHysts of tynyhocyte populadons in the spleen after vaccination. 



Gamp 


Spleenocytes 


CD4*T cells 


CDS* T cells 


CD4/CD8 


B cells 


pCMVS2 
DNA/im. 
(4 mice) 


91x10" 
iSlxlO* 


19.8x10" 
±67x10* 


133x10* 
±2.0x10' 


1.5 


493x10" 
±17.4x10* 


pCMVS2S 
DNA/ear 
(4 mice) 


124x10* 
±22x10* 


21x10- 
±3.9x10* 


107x10" 


2 


763x10* 
±13.4x10* 


HBsmRNA 
ear 

(6 mice) 


131x10^ 
±19x10* 


26.4x10^ 
±4.0x10* 


15.9 X 10* 


17 


713x10" 
±11x10* 


HBsRNA 

+ 

ptotamine 
ear 

(6 mice) 


117x10^ 
±17x10* 


21.8x10* 
±3X)xlO* 


15.6 xltf^ 
±4.5x10* 


14 


71.8x10" 
±12.9x10* 



S - Measutement of CTL activity 

5 

Tlie spleens of die mice vras lecoveied 8 iveeks after immunisatbnwidiKNA or DNA. Hie 
spleenocytes ^vdiere cultured in a-MEM medium (Gibco) (10 x 10^ cells per well of a 24-well- 
plate), st^Iemented 'widi 10 mM Hepes, non-essential amino acids, sodium pyoivate (1 
mM5, P-meicaptoedianoI (50 nl^ and 10% fetal calf serum. These cells were stimulated over 

10 5 hwidi If^inl of the peptide derivedfix)mS(amin^ 

rnpthinnin of the Small envebpe protein) conespondic^ to the epitope xestticced to 
The efiFector cells were used in a cytoto^diy ^)eriment carried out after 7 days of culture. 
The qix>lytic activiiy of the cells was tested in short-term ^Hjt release experiments against 
transfectedter^ts caressing HBsAg 0P815/S) andP815 cells as negative control After 4 h 

15 incubation at the stq>ematants were collected and counted vsins a p-counter. The 
spontaneous and TPi^^mnim releases were determined in wells containing either medium alone 
or lysis medium (5% Triton, 1% SDS). Ihe specific lysis was calcukted as folbws: (expert 
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mental release - spontaneous release) / (maidmum release - spontaneous release) x 100 for 
each experiment. Hie specific tysis Tvas calculated for each data point in diq)licate. The CIL- 
actndtyTTas determined for each mouse at different ratios of effector/target cells (B/l). 

5 9 - Study of cytotoxic T-lyo^hocytes after vaccination (Fig. 3) 

For die detection of CIL, the spkenocytes ^were activated m^dim over 7 days vMi the Let 
restricted peptide S-28-39> then tested for their lyoc activity against PSlS/S-ceUs tcansfected 
^radi HBs. Non-ttansfected P815 cdOs MAme used as controls. Ihe resuks are presented in 
10 F^. 3. Ihe cptotoxic responses ^wete determined in each group of immunised mice. Ihe in- 
uamuscular injection of DNAmto the treated muscle gave the h^fhest ly^ rate of the target 
cells. CytotoxK: T cells ^were found in 4/6 mice after injection of KNA togedier vMl pro- 
tamxne» ^v^^iile 5/5 and 6/6 mice had cytotoxic Tcells in the spleen after injectbn of DNA. or 
naked BNA, respectively. 

15 

Ihis indicates that the injectbn of HBs-BNA, naked or associated vmh protamine^ is capable 
of actrvatit^ crftotosic T cells in mo^ wtack recognize the HBs antigen prepared in an ei^ 
dogenous marmer. 

20 10 « Quantification of HBs->specific T cells producing IFN-y 

Interferon-y (IFN-y) releasing cells were quantified by an immune spot assay specific for a 
given cytokine (enzyme-linked immunospot or ^EIISPOTT) after stimulatbn with peptides 
or with the HBs antigen, ElISA plates havii^ a planar nitrocellulose-coated bottom were 

25 ' covered widi 50 fd of rat anti-IFN>y murine antibodies (5 /ig/ml, Pharmingen, San Diego, 
CA) overii^4^andihensatuiatedw3thKE^ 10% fetal calf serum for 2 

hat 37^ Spleenocytes (1 x lOVwell of a 96-wefl plate), ^w^iich were produced as described 
above for the CIL experiments, were incubated in complete a-MEM medium at SZ'X!: in the 
presence of 5% CXI>2 usii% different antigens f or stimuIatbrL Ihe cells were incubated widi 

30 HBV-S peptides (3 f^m^ or HBsAg particles (1 ixg/mS). Two peptides derived from S re- 
stricted to class I (28-39 -I.12-L and die peptide 15 -S362-372W-11-L) andapeptide de- 
rived from preS2 restricted to the MEiC class n(preS 138-165) were used for actrvatidn. The 
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bacl^tound -was evaluated 'with cells in medium. The cells were suspended by buffering the 
wells, then tysed with water. After washing with PBS containing 0*05% Tween 20, a bioti- 
n}^ated mt anti-IFN^y niurbe antib^ ftg/ml, Pharmii^en, San Diego, CA) was adde^ 
an incubation of 90 nainutes at mom temperature* The wells were washed as before, then 
5 incubated for 1 h 30 ntiin widi an alkaline phosphatase-strcptavidine conjugate (Boehtii^r- 
Mannheim, Germanj^ at a dilution of 1:1000 in PBS. Subsequentfyi a solution of 23 niM of 
5-bmmo-4-cUoro-3-indo^phosphate (BCD?) and of Mtmblue-Tetiazolium (NBT) 
(Promega, ^^d^n, Wl) diluted an alkaline buffer solution was added When the spots be- 
came visible, the reactbn was scoppedwidi water and air-dried Ihe number of IFN^ seczet- 
10 ing spots was counted using an EUSPOT-reader (Zeiss) and the xesuhs were e^uessed for 
eachgcoupas dse mean value of lENF-y seczedt^ cells per 10^ spleen cells. 

Two months after immunisation, the HBs-specific T ceDs in the spleen of the mice immu- 
nised with DNA. mjected onty intia-musculaify were detected ^ig. 4^. These T cells pro- 

15 duped lEN-y after activation with a peptide restricted to class I, derived fmm S, or the pep- 
tide restricted to class II, derived frompie-S2. In contrast theieto, no spot could be detected 
after acttvarion of the spleenocytes from mice injected with DNA. or with RNA. into the ean 
Ihis leads to the condusion diat the activated T cells were not presented in the spleen of the 
mice two months after irnmunisation nsing KNA or DNA. administrated over the ear. How- 

20 ever, the detection of cytotoxic T cells after restimukdon m dtro with a peptide (see Fig. 3) 
indicates that T memory cells were induced by the use of either DNA or KNA using both 

Comparable results were obtained by using an ILr4 EUSPOT experiment ^ig* 4 B). Few 
25 spots corresponded to activated T cells secreting IL-4 after immunisation with DNA (intia 
muscula^ and recognising both the class I peptide derived from S and the dass n peptide 
derived from preS2. The larger pmportbn of lEN-y secreting T cells indicates that the T 
he^r response was oriented to a Ih-l profile. 
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11 » Humoral xesponse 

Two months after injecdon of DNA. or KNA, the blood of the mice was collected by retro- 
5 bulbar punctatioii using heparinised glass p^>ettes, and the seia, recovered by centrifug^tion, 
•were tested with respect to the presence of antt-HBs and anii-preS2-antibodies by specific 
ELESA tests. Purified recombinant particles containing the small S protein of HBV (1 m^ 
or the synthetic peptide preS2 (120- 145) (1 v?/v^ were used as the solid phase. After block- 
ing widi PBST^hosphate-buffcrcd saline containit^ 0.1% of Tween 20), supplemented widi 
10 10% fetal calf serum, serial dibtbns of serum were added After extensive washing, bound 
antibodies were detected by the use of anti-mouse immunog^bulins (total IgQ) labelled widi 
horseradish peroxidase (Amersham, UK). The anribod)rtiters were determined by the ntiethod 
of limited dibtbtL The sera of the mice were tested individualljr and the tilers were the mean 
lvalue of at least 3 determmatbm. The dilutions bebw 1/100 were considered n^atrve. The 
15 ariti-HBs titers are caressed as geornetricgrDi5>avec^ ± standard deviation (GMT ±SEK^ 
of values of individual animals which were in turn the mean values of duplicate or tnplicate : 
ecsperimentSo 

The andbodies specific for HBsAg or forihe preS2-domain of the medium protein of HBV 
20 were detected by EIIS A in the serum of 4 of 4 mice 8 weeks after intramuscular injection of 
pCMV-S2.2 (Fig. 5). Neidier naked KNA nor KNA in combination widi protamine led to a 
significant production of anti-HBs andanti-preS2 antibodies in the mice injected bythe intra 
auricular pathway. In contrast thereto, weaktiters of anti-HBs antibodies were detected in the 
serum of 2/4 mice injected widi DNA over the intra auricular padrway. These results si^gest 
25 that DMA probabljr persists fonger than KNA, allowing a constant production of the HBs 
ant^en. 

12 - HIV-polyepitDpes-HBS e3q)iession vector, mV-polycpitops-HBS KNA and im- 
munisation 

30 

The plasmid pCMY-BlO contains a potyepitope comprising 13 HLA-A2-epitopes of HTV-l. 
In this plasmid (Firat, Garcia-Pons et al 1999), the potyepitope sequence is placed under the 
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transcnptional contxol of the immediate-eatijr promoter of ttie human cytomegalovirus 
(CMV-Le.). 

The plasmid DNA used for immunisation m mo was prepared bytte use of DNA. purifica* 
5 tioncolumm from Qagen(Endofiee Plasmid 

For immunisation on the basis of DNA, the vej::tor for expression of the polyepitope, pCMVr 
BIO, vm direct^ injected into the muscles of the anterior tbh for boost injectbns as de- 
scribed previous^, or direct^ into the ear pinna. 50 fl DNA at 1 n^ml Tvete iajecced into 
10 each tibia for a to^quatitiiy of 100 DNA. per mouse. 20 fdDI^ 1 n^ml^rem- 
jecced into bodi ears for a total quanttty of 40 ix% DNA per mouse. 

Gpnceming the immnnisadcMi on the basis of SNA, the KNAcodmgforthe polj^ep&ope Tvas 
obtained by the use of a vector contaimng a sub-doned fragment of the pCMV-BlO p]asnu4 
IS and the SP6 polymerase. Ihe KNA ^was produced folbwing the method described in the 
patent application EP 1 083 232. In some experiments, the SNA^v^ stabilised bjrthe use of 
protanune ait a ration of 1/1 g. 20 /ul BNAi?^^ injected behind each ear of BALB/C mice 
for a total amount of 40 f^'BNA per mouse. 

20 Forimmunisatiori^groupsof 4to6fema]eBA[3/ciniceof 6to8we^ 

13 - Quantification of T cells speci£u: for a HIV epitope and producing IFN-y 

Ihe mice were sacrificed three weeks after injectbn of KMA. 

25 

IFN-y releasing cells were quantified by an EIISPOT as described above after stimulation 
widi the 13 HLA-A2 epitopes encoded by the pCMV-BlO plasmid. EIISApktes having a 
planar nitrocellulose-coated bottorn (Mbldscreen^ li£llipore, Molsheim, Fiance) were covered 
wMi 50 fd of rat anti-IFN^y murit^ antibodies (5 f@/ml, Pharmtngen, San JXegp, over 
30 ni^at 4®Q then saturated over 2 hours at 37*C withRHMI 1640 containing 10% fetal calf 
serum. Spleenoc^tes (1 x lOVweD of a 96-weII'piat(e), obtained as described above in the ex- 
perimerrts widi respect to activated CIU were incubated for 40 h in con^lete a-MEM me- 
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dnim at 37*KZ in the piesence of 5% OD2 using di£feteiit aiit%eiuc stimukdbiis. The cells "wete 
incubated separately -widi each of the HIV epitopes encoded by the pO^-BlO pJasmid, 
'wheidn said cptqpes wexe present at a concentration <^ 10 /tM Ihe bac^touod^ras evalu- 
ated yfndi cells ia. medbm. Ihe cells suspended by buffem^ the -wells, then l^d \9ith 
5 waten Afber -washing widi FBS cootaioiag 0^5% Tween 20, a bScoiiiylaced rat ami-IH^y 
murine antibody (1 fig/nJ, Phannigen. San Diego, was added for an incubatfon of 90 
min at room teopoatuie. Ihe weDs were washed as described above, before an incubation 
for 1 h 30 txaa. with an alkaline phosphortase-stc ep ta v i^itie conjugate ^Boehiingen, !Marm- 
heim, Germajg^ at a dilution of 1:1000 in PBS. Then, a 23 nM solution of 5-bromo-4- 
10 dhloro-S-indoIji-phosphate (BC3P) and of Nicroblue TettazoKum OSBT) (Promega, K&dison, 
WI)» diluted in an allsaline buffer solutbn, was added \5hen the spots became visible, the 
reaction -was stopped wah water and air-dtfed. Ihe number of EFN-y secretit^ spots -was 
counted using an ELISPOT-reader (Zeiss), and the results Vpere expressed for eadi group as 
the mean value of lEN-y secce^ig cells per KV' spleen cells. 

15 

The results ate shown in 6. 
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Claims 

1. Aa inimunogeiiic preparation comprising mature mKNA coding for at kast one anti- 
5 gen of a pathogenic j^ent. 

2, The immunogenic preparation according to claim 1 wherein said RNA is a non- 
replicative mature mRNA, 

10 3. The immxmogenic preparation according to claim 1 or 2 wherein the sequence of the 
RNA comprises additionally stabilising sequences capable of increasing the half-life of 
the KNA in the cytosoL 

4. The immunogenic preparation according to claim 3 wherein at least a part of the sta- 
15 bilising sequences is selected from transcribed but not translated sequences (UTR) of 

the p-globin gene and the consensus sequence 
(C/U) CCANxCCC (U/A) PyxUC (C/U) CC contained in the 3' UTR of the RNAs 
codir^ for a-globin, a-(I)-collagen, IS-Kpoxj^enase and tyrosine hydroxjJase. 

20 5. The immunogenic preparation according to any one of claims 1 to 4 wherein the 
RNA contains at its 3' terminus a polyA tail having more than 30 A residues in the 3' 
position. 

6. The immunogenic preparation according to any one of claims 1 to 5 herein the 
25 RNA has been synthesised in the presence of xibonucleosides modified for resistir^ 

the degradation by RNases. 



7. 

30 



The immunogenic preparation accordir^ to claim 6 wherein the RNA contains phos- 
phorothioates. 



wo 03/059381 



PCT/EP03/00497 



29 

8. The immunogenic preparation according to any one of claims 1 to 7 wherein the 
RNA is essentially free of destabilising AURES sequences and of sequences recog- 
nized by endonucleases. 

9. The immunogenic preparation according to any one of claims 1 to 8 \vfaercin the 
KNA contains additionally a sequence susceptible of increasing its translation. 

10. The immunogenic preparation accordii^ to any one of claims 1 to 9 comprising at 
least one KNA stabilising factor, in particular an KNase inhibitor. 

11. The immunogenic preparation according to any one of claims 1 to 10 herein the 
KNA is complexed with at least one cationic, preferably polycationic, peptide or pro- 
tein. 

12. The immunogenic preparation according to claim 1 1 wherein the peptide or protein is 
a protamine, a poly-L-lysine, a poly-L-atginine or a histone. 

13. The immunogenic preparation according to anyone of claims 1 to 12 comprising one 
or more adjuvant(s). 

14. The immunogenic preparation according to claim 13 comprising at least one immu- 
nomodulating agent selected from lipopolysaccharides (LPS), glycoprotein 96, oli- 
gonucleotids containing CpG motives and cytokins. 

15. The immunogenic preparation according to claim 13 or 14 wherein the RNA is highly 
purified before the addition of the one or more adjuvant(s). 

16. The immunc^enic preparation according to any one of claims 1 to 15 \s4ierein its 
con^osirion is formulated for a cutaneous or intradermal administration. 

17. The immunogenic preparation accordir^ to any one of claims 1 to 16 ^dierein the 
RNA is a pool of mKNAs. 
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18. Tlie inimunogenic preparation according to anyone of claims 1 to 17 herein at least 
a part of the KNA molecules comprises an internal ribosome entry site (IKES). 

5 19. Hie immunogenic preparation accordir^ to claim 17 or 18 wherein at least a part of 
the RNA molecules codes for cytokins capable of sdmulatir^ or polarising the imr 
mune response. 

20. The inimunogenic preparation according to any one of claims 1 to 19 wherein the 
10 sequence encoding at least one antigen of a pathogenic agent codes for a poly^pitope. 

21. The immunogenic preparation according to any one of claims 1 to 19 wherein the 
KNA sequence coding at least one antigen of a pathogenic agent codes for at least one 
full-length or truncated viral or bacterial protein. 

15 

22. The immunogenic preparation according to claim 21 wherein at least a part of the 
RNA molecules codes for a surface antigen of Hepatitis B virus. 

23. The immunogenic preparation according to claim 22 wherein at least a part of the 
20 KNA molecules codes for the small and medium envelope proteins of the Hepatitis B 

virus. 

24. The immunogenic preparation accordii^ to claim 23 wherein at least a part of the 
RNA molecules has the sequence shown in F^. 1. 

25 

25. The immunogenic preparation according to claim 20 v^erein at least a part of KNA 
molecules code for a polyepiope of HIV. 

26. The immunogenic preparation according to claim 25 v^erein at least a part of KNA 
30 molecules has the sequence shown in F^. 2. 
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27. Hie umnuiK^enic piepaiation accoxdiog to daim 21 Tvfaeieia at least a part of ihe 
KNA molecules codes for the GORE pcotem of Hspatids C-vitus. 

28. Ikeof snirmimossDkpapmidoa 

piepaxatbn of a phannacearical Oimposiaon for the prophyksds, treatment or im- 
provement of the state of a parient after an infection -with HIV, Hepatitis B virus, 
Hepatkis C virus, Kous-Sazcoma virus, tbe parasie responsible for Malarii, or (Mtn^ 
^upneumxiias, 

29. A vaccine characterized in that it con^rises an immunogpni; preparation according to 

arqr one of claims 1 to 27, allovwng the obteniion of a protection agai^ 
agent in a human or animal host. 

30. lie vaccine according to claim 29 diatacterized in that the protecdon is obt^ 

an activatbn of cytotoxic and/or he^ T fymphocytes and of B lyn^hocytes specific 
for at least one ant^ encoded by at feast a part of the ENA. molecules of the 
preparation. 
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Fig. 1 

Sequence of pg-HBS-pgon RNA 



(CAP) ggagacaagctagcttgcttgttGtttttgcagaagctcagaa taaac 

gctcaactttggcagatccgaattcatatgtcgacqcqaatrcttGGGCC iA.TGiC 

AGTGGAATTC(:a.CS^CCrTCaiCCAAACTCTGC3^GATCC 

CTGTATTTCCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACGCTGTTCTGAC 

TACTGCCTCTCCCTTATCGTCAATCTTCTCGAGGA.TTGGGGACCCTGCGCTGA 

ACATGGAGAACATCACATCAGGATTCCTAGGACCCCTTCTCGTGTTACAGGCG 

GGGTTTTTCTTGTTGAC7^GAATCCTCACAATACCX3C3\G^ 

GTGGACTTCrCTa^TTTTCTAGGGGGZ^CTACCGTGTGTCI^^ 

CGCaVGTCCCCAACCTCCAATCACTCACCS^CCTCTTGTCCrCC^ 

GGTTATCGCTGGATGTGTCTGCGGCGTTTTATCATCTTCCTCTTCATCCTGCT 

GCTATGCCTCATCTTCTTGTTGGTTCTTCTGGACTATC?VAGGTATGTTC 

TTTGTCCTCTAATTCCAGGATCCTCAACAACCAGCa^CGG^ 

TGCATGACTACTGCTCAAGGAACCTCTATGTATCCCrCX^^ 

ACCTTCGGACGGAAATTGCACCTGTATTCCCATCCCATCATCCTGGGCTTTCG 

GAAAATTCCTATGGGAGTGGGCCTCAGCCCGTTTCTCCTGGCTCAGTTTACTA 

GTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTTTGGCTTTCAGT 

TATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACa^GCATC TTGAG ^ 

TTTTACCX3CTGTTACCAATTTTCTTTTGTCTTTGGGTATACAT^I ^^| ACCCT 

AACAAAACT^AAGAGATGGGGTTACTCTCTAAATTTTATGGGTTATGTC^ 

TGGATGTTATGGGTCCTTGCCACS^GAACACATCATACAAAAAATCAAAG 

AATGTTTTAGAAAACTTCCTATTAACAGGCCTATTGATTGGAAAGTATGT 

CAAa3AATTGTGGGTCTTTTGGGTTTTGCTGCCCCTTTTACa.C^ 

TTATCCTGCGTTGATGCCTTTGTAgatctggfctaccacfcaaaccagcctcaag 

aacacccgaatggagtctctaagctacataataccaacttacacttacaaaat 

gttgtcccccaaaatgtagccattcgtatcfcgctcctaataaaaagaaagttt 

cfctcacattctaaaaaaaaaaaaaaaaaaaaaaaaaaaaaacccccccccccc 

CCCCCCCCCCCCCCCCCCtQC^ 
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Sequence of pg-HIV-HBS-pgan RNA 

(CAP)ggagacaagctagcttgcttgttctttttgcagaagctcagaataaac 

gctcaactttggcagatccgaattcatatgtcgacgcgaagcttCAGGCC^TOl 

CAGTGGAATTCAGCACTTGTGGAAATCTGTACCGAAATGTACTTAAAAGAACC 

AGTTCACGGGGTGTACCTCACGCCGCTCTGCGTTTCTCTTTACCTCAACGCA,T 

GGGTGAAAGTTGTATACATTTACCAGTATATGGACGACCTTTATCTCACCTTT 

GGATGGTGCTTCUk2^CTGGTGCTCGACX3TGGGGGACGCGTACT.TTTCCGTGTA- 

TCTGGTCAAACTATGGTACCaATTAAGTCrtTTACAACACCGTCGCGAGGCTTT 

ATATGATGACAGCATGCCAAGGCGTTCTTCTTGACACCGGCGCAGACGACACG 

GTGCTCCTGTGGAAGGGCGAGGGAGCAGTTTATGTTACACCACTTTGTGTTAC 

TCTCGAGCATATAGGACCAGGGAGAGCATTTGTGGTACCTCTAGAAG2^GCTT 

GGGATCCGTCGAGGATTGGGGACCCTGCGCTGAAeATGGAGAACATCACATCA 

GGATTCCTAGGACCCCTTCTCGTGTTAa^GGOSGGGTTTT^ 

AATCCTCffia^TACCGOlGAGTCTAGACTanXSGTGGACrrTCTC^^ 

TAGGGGGAACTACC!GTGTGTCTTGGCCAAAATTCGCAGTCCCCAACCTCCAAT 

CACTCACCAACCTCTTGTCCTCCAACTTGTCCTGGTTATCGCTGGATGTGTCT 

GOSGCGTTTTATCATCTTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTGT 

TGGTTCTTCTGGACTATC3^GGTATGTTGCCCX3TTTGTCCTCT^ 

TCCTCAACS^CCaWSCACGGGACCATGCCGGACCTGCATGACTACTOCT 

AACCTCTATGTATCCCTCCTGTTGCTGTACCAAACCTTCGGACGGAAATTGCA 

CCTGTATTCCCS^TCCCATCATCCTGGGCTTTCGGAAAATTCCTATGGGAGTGG 

GCCTCAGCCCGTTTCrCCrGGCT(3lGTTTACTAGTGCCATTTGTTCAGTGGT^ 

CGTAGGGCTTTCCCCCACTGTTTGGCTTTCAGTTATATGGATGATGTGGTA^ 

GGGGGCCa^GTCTGTAOVGCa^TCrT^GTCCCTTTTTACOT 

i?TCTTTTGTCTTTGGGTATACAT'I tTAA^ CCCT 



AACAAAACAAAGAGATGGGGTTACTCTCTAAATTTTATGGGTTATGTCAT 

TGGATGTTATGGGTCCTTGCCACAAGAACACATCATACAAAAAATCT^AAG 

AATGTTTTAGAAl^CTTCCTATTAACAGGCCTATTGATTGGAAAGTATGT 

CAACGAATTGTGGGTCTTTTGGGTTTTGCTGCCCCTTTTACApiATC 

TTATCCTGCGTTGATGCCTTTGTAgatctggttaccactaaaccagcctcaag 

aacacccgaatggagtctctaagctacataataccaacttacacttacaaaat 

gttgtcccccaaaatgtagccattcgtatctgctcctaataaaaagaaagttt 

cttcacattctaaaaaaaaaaaaaaaaaaaaaaaaaaaaaacccccccccccc 

cccccccccccccccc cctcfca. 
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Fig. 4 
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Fig. 6 
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